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Muon Tagging: Number of Triggered Pixels + Ring Completeness

# of triggered pixels: muon vs proton events

ROC Curve for Muon Tagging
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Muon Tagging: Ring-Center Cleanness Issue
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Misstagging if # of active SP and r_fit are overlapped
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Muon Tagging: Ring Completeness & Ring-Center Cleanness Check

e Circle fit method:
fit_radius, fit_x, fit_y, *_= kundu_chaudhuri_circle_fit(
X,

Y,
weights

Check distance from
Circle’s geometric center

ring_frac = .65
Center: (-0.01 m, -0.07 m)
Radxus 0.03m

-
.

d = np.sqrt((x— fit_x)*x2 + (y — fit_y)*x*x2)
is_pixels_at_center = (d < (ring_frac *x fit_radius)) & qgl[image_mask]
is_pixels_at_center = any(is_pixels_at_center)

ring_completeness
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ctapipe.image.muon.ring_completeness (pixel_fov_lon:

pixel_fov_la ty, weights: Quantity | ndarra loat
ring: MuonRi er, threshold: float = 30, bins: int = 30) - float

if (6 < len(trig sp) < (not is pixels at center c):
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Muon Tagging: Ring Completeness & Ring-Center Cleanness Check

e Circle fit method:
fit_radius, fit_x, fit_y, *_= kundu_chaudhuri_circle_fit(
X,

Y,
weights

ring_frac = .65

d = np.sqrt((x— fit_x)*x2 + (y — fit_y)*x*x2)
is_pixels_at_center = (d < (ring_frac *x fit_radius)) & qgl[image_mask]
is_pixels_at_center = any(is_pixels_at_center) 7\

ring_completeness

ctapipe.image.muon.ring_completeness (pixel_fov_lon: Quantity,
pixel_fov_lat: Quantity, weights: Quantity | ndarray | Sequence[float],
ring: MuonRingContainer, threshold: float = 30, bins: int = 30) - float

e Centroid depletion check method:
# Centroid
XC, yc = np.mean(x), np.mean(y)

# Euclidean distance from each pixel to the centroid
d = np.sqrt((x — XC) *k 2 + (y — yc) *xx 2)

# Central exclusion zone
exclusion_zone = 0.4 *x np.max(d)

is_pixels_at_center_c = np.any(d < exclusion_zone)

Check distance from
Circle’s geometric center

Center: (-0.01 m, -0.07 m)
Radxus 0.03m

-
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(not is pixels at center c):

Check distance from
Pixels' center of mass
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Muon Tagging: Issue w/ Centroid Depletion Check @ High-NSB
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CoM calculation is highly sensitive to isolated noise pixels
=> significant spatial bias
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New Improved Tagging Technique

1. Using true image for finding “ground truth” rings (based on 80% completeness) all NSB levels => no need in cleaning:
true 1mage = event.simulation.tel[tel 1d].true 1mage

2. def num_islands_python(camera, clean):

"""A breadth first search to find connected islands of neighboring pixels in the cleaning set™
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3. Calculating exclusion zone for centroid depletion check for the largest island (ring)
4. Checking exclusion zone requirement for finding pixels inside ring for all triggered SPs (including NSB/noise)
* Opt.. allowing to have some SPs inside the ring, for which the requirement above was failed
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https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray

# of Islands: Issue with g Rings

Issue: Island Fragmentation
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Island ID

e The ctapipe built-in 'number_of islands’
method relies on strict nearest-neighbor
connectivity

This method fails on segmented p rings finding
a set of fragmented islands

Solution: 1-2x dilation to morphologically bridge

the nearest islands => recovering a muon ring
as a single coherent island
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“dilated_number_of_islands : Implementation

ands (geom, mask) : ] | number of islands(geom, clean mask, n_dilations=2):

mman mmoan

Search a given pixel mask for connected clusters. Connects separated clusters by temporarily dilating the cleaned mask,

This can be used to separate between gamma and hadronic showers. labeling the merged components, and projecting labels back to the original pixels.

mmon

island labels = np.ze: (geom.n pixels, dtype=int)
Parameters ) - -
if not np.any(clean mask):
return 0, island labels
"~ctapipe.instrument.CameraGeometry"
Camera geometry information, needs to be the full camrea geometry,
not already masked with "~ "mask™° dilated mask = clean mask.copy ()
mask : ndarray for in range(n dilations):

input mask (array of booleans) of pixels surviving the cleaning dilated mask = dilate(geom, dilated mask)

Returns

sub _adj = geom.neighbor matrix sparse[dilated mask][:, dilated mask]

dilated islands, sub labels = csgraph.connected components (
n_islands : int sub_adj, directed=

Total number of clusters
island labels : ndarray

Contains cluster membership of each pixel.
full dilated labels = np.zeros(geom.n pixels, dtype=int)
full dilated labels[dilated mask] = sub labels +

Dimension equals input geometry.

Entries range from 0 (not in the pixel mask) to n islands.

if geom.n pixels !'= len (mask):
9 P ( ) island labels[clean mask] = full dilated labels[clean mask]
raise ValueError (
"CameraGeometry has less pixels than mask"

", number of islands needs the full CameraGeometry" unique labels = np.unique(island labels[clean mask])

) label map = {old: new for new, old in enumerate (unique labels, start=l)}

neighbors = geom.neighbor matrix sparse

n _islands, island labels = final labels = np.zeros like(island labels)

for old, new in label map. ems () :

neighbors.indices, neighbors.indptr, mask
final labels[island labels == old] =

)

return n_lslands, 1sland_labels return len(unique labels), final labels




“dilated_number_of_islands : Performance with g Rings
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New Results: dilated_number_of _islands’

SP threshold: 10 p.e.

prod6: Muon Tagger Efficiency vs. NSB & Exclusion Zone
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New Results: dilated_number_of _islands’

SP threshold:
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y (m)

MC w/ Injected Realistic Noise: Ten Noise Bank

1. Image extraction &
amplitude conversion (p.e.)
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MC and Ten Data: Amplitude Matching Issue
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New Results: MC OxNSB + Injected Ten Noise

[VERY PRELIMINARY RESULTS]

MC_OxNSB: r1_wf

SP threshold: 15 p.e.

prod6: Muon Tagger Efficiency vs. NSB & Exclusion Zone
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Overview

Improved u tagging is converging to a final optimal approach:
e Tagging based on # of triggered SPs

e + Ring-center cleanness and ring-completeness check based on centroid depletion method
e + Newly implemented "dilated number of islands  method to isolate muon ring from NSB\noisy SPs

Next Steps/TODOs

e Double-check of the results, including MC data with half/full moon

e Further NSB scan efficiency with injected Tenerife noise and comparison to MC data: is
NSB under-/overestimated in current MC simulations?

e Optimizing tagging parameters with separate SP thresholds for low- and high NSBs
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Deutsches Elektronen Synchrotron

Summer Student Program 2018

A fast muon tagger for CHEC-S

A camera prototype for the Small Sized Telescopes of
CTA

Roberta Pillera
Universita degli Studi di Bari ” Aldo Moro”

3.2 Night sky background

The events used for tesing in Sec. 3.1 have been simulated at a low night sky background (NSB)
level corresponding to observations of the extragalactic region of the sky. Twice that level (medium
NSB) corresponds to the galactic plane region, whereas with 3 times NSB (high NSB) to the
galactic center. With higher NSB the trigger thresholds are adapded. This has not been included
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Impact distance/parameter
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